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WING AND BODY COMBINATION 
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SUMMARY 
Rocket-powered models were flown at transonic speeds to determine 
the effect of nacelle location on zero-lift drag. Symmetrically mounted 
nacelles of fineness ratio 9.66 were successively located spanwise at 
18 , 25, 40, 60, 80, and 96 percent of the wing semispan. The chordwise 
location of the nacelles was such that approximately 50 percent of the 
nacelle length was forward of the wing maximum thickness. The wing had 
a sweepback angle of 450 along the quarter-chord line, an aspect ratio 
of 6 .0, a taper ratio of 0.6, and an NACA 65A009 airfoil section in the 
free-stream direction. The fuselage fineness ratio was 10.0. 
For the present wing-body-nacelle configuration, low drag was 
obtained for all the spanwise nacelle positions at Mach numbers between 
0. 80 and 0.91. Nacelles mounted at the wing tips gave the lowest drag 
throughout the transonic speed range. For this nacelle location the 
drag was lower than the drag of the test configuration without nacelles 
over most of the speed range. The inboard nacelle position showed low 
drag throughout most of the transonic region. Intermediate nacelle 
pOSitions on the wing gave the highest drag. The force-break Mach 
number of the wing-body-fin combination was not appreciably reduced by 
placing nacelles near the wing tips or near the fuselage. Other loca-
tions reduced the force-break Mach number as much as 0.05. 
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INTRODUCTION 
As part of a general transonic research program of the National 
Advisory Committee for Aeronautics to determine the aerodynamic prop-
erties of promising aircraft configurations, the Langley Pilotless 
Aircraft Research Division at Wallops Island, Va., has tested a series 
of rocket-propelled free-flight models to determine the variations of 
zero-lift drag coefficient for a transonic configuration of high aspect 
ratio with nacelles at various positions on the wings. 
Interference drag at subsonic speeds for many types of configura-
tions with different wing-body-nacelle combinations has been investi-
gated experimentally and theoretically. Owing to the complexities 
encountered in theoretical studies, the determination of transonic 
interference effects has been made solely through experiment. The 
initial investigations of such interference effects were confined to 
models with low-aspect-ratio wings. Presently, the importance of the 
high-speed long-range airplane has led to the exploration at transonic 
speeds of interference effects of wing-body-nacelle combinations having 
high-aspect-ratio wings. 
The wing-body configuration used for the tests covered in this 
paper was the same as the configuration used in the chordwise nacelle 
position tests of reference 1. This configuration is believed to be 
practical f or transonic flight because of its low drag coefficient and 
high force-break Mach number, which was well above 0 .9. The wing had 
a sweepback angle of 450 along the quarter-chord line, an aspect ratio 
of 6.0, a taper ratio of 0.6, and an NACA 65A009 airfoil section in 
the free-stream direction. The low-drag fuselage had a fineness ratio 
of 10.0 and was a modification of a fuselage developed by the NACA from 
free-fall tests. 
A twin-engine airplane was assumed in order to study individual 
nacelle interference. The size of the nacelle was determined from the 
consideration that the full-scale nacelle represented was 50 inches in 
diameter on a wing of 1500 square feet of area. A nacelle fineness ratio 
of 9.66 was selected to accommodate an axial-flow turbojet engine with 
an afterburner. 
The tests were conducted without air flow through the nacelles to 
simplify the investigation. It is anticipated, however, that, with the 
introduction of internal air flow, the resulting variations of drag 
with ducted-nacelle location would be similar to the variations found 
for solid nacelles. Accordingly, the nacelle was made solid by fairing 
the nacelle curvature from the air inlet to a pointed nose. 
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From t he results of reference 1, a favorable chordwise locat ion 
was selected at the 40-percent semispan station. The nacelles then 
were varied along the wing span with the pointed nose of each nacelle 
kept at a constant distance ahead of the maximum wing thickness at the 
local wing chord. 
Tests covered a continuous Mach number range from 0. 80 to 1 . 25. 
The Reynolds number was based on the mean aerodynamic chord and varied 
from 3.8 X 106 to 7 . 6 X 106 over the speed range. 
SYMBOLS 
a longitudinal acceleration, feet per second per second 
b wing span, feet 
total drag· coefficient, based on Sw 
3 
drag coefficient f or nacelle plus interference, based on SF 
g 
M 
q 
R 
v 
w 
x 
acceleration due to gravity, 32.2 feet per second per second 
Mach number (V/vc ) 
free-stream dynamic pressure, pounds per square foot 
Reynolds number, based on wing mean aerodynamic chord 
frontal area of one nacelle, square feet 
total wing plan- form area, square feet 
velocity along flight path, feet per second 
speed of sound, feet per second 
model weight after burnout, pounds 
flight -path angle, degrees 
station, inches 
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y wing semispan station, measured from fuselage center line 
y ordinate, inches 
MODELS 
Details and dimensions of the wing-body-fin combination and the 
solid nacelle are given in figures 1 to 3 and tables I to III. Photo-
graphs showing the general arrangements of the models flown are pre-
sented as figure 4. 
The models employed for this investigation were the same as those 
in reference 1 except for the location of the nacelles. The fuselage 
of reference 2 was reduced from a fineness ratio of 12 to 10 by cutting 
off the rear one-sixth of the body. In order to fit a 3.25-inch Mk. 7 
aircraft rocket motor into this body, the rear 28 percent of the 
modified body was enlarged. The frontal area of the fuselage was 
0.242 square foot. 
The wing had a sweepback angle of 450 along the quarter-chord line, 
an aspect ratio of 6 .0 based on the total wing-plan-form area of 
3.878 square feet, a taper ratio of 0.6, and an NACA 65A009 airfoil 
in the free-stream direction. The leading edge of the wing intersected 
the fuselage at the maximum diameter. The ratio of total wing-plan-
form area to the fuselage frontal area was 16.0. 
The nacelles were bodies of revolution having a fineness ratio 
of 9.66 and a frontal area of 0.034 square foot. Each nacelle was 
designed to have an NACA 1-50-250 nose-inlet profile (based on data in 
reference 3), a cylindrical midsection, and an afterbody of NACA 111 
proportions (reference 4). For this investigation, the method of 
conical lofting from reference 5 was used to design a nose plug to close 
off the nacelle inlet. 
The center lines of the nacelles were in the wing plane parallel 
to the free-stream direction and were located at 0.18, 0.25, 0.40, 
0. 60, 0.80, and 0.96 wing semispans measured from the center line of 
the fuselage. At the 0.96 station, the outside edge of the nacelle 
was made flush with the tip of the wing. The distance petween the 
pointed nose of the nacelle and the maximum thickness of the local 
wing chord (40-percent-chord line) was kept constant at 11.45 inches 
for all the models. This arrangement was determined to be a favorable 
nacelle location at 40 percent of the semispan from reference 1. No 
filleting was employed at the nacelle-wing junctures. 
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Two vertical fins were used to stabilize the model directionally. 
No fins were required in the horizontal plane because the sweptback 
wing was located far enough rearward on the fuselage to stabilize the 
model in this plane (fig. 1). The leading edges of the fins were 
swept back 450 and the fins were 0.091 inch thick. The exposed plan-
form area of the two fins was 0.468 square foot. 
TESTS AND MEASUREMEN'l'S 
Flight tests at zero lift covered a Reynolds number range, based 
5 
on wing mean aerodynamic chord, from 3.8 X 106 at M = 0.8 to 7.6 X 106 
at M = 1.3 as shown in figure 5. The possible error was established 
from three similar models in reference 1 and was based on the maximum 
deviation found between faired curves of the experimental drag pOints. 
The error in the total drag coefficient, based on total wing-pIan-form 
area of 3.878 square feet, was within ±0.0004. For the nacelle-plus-
interference drag coefficient, based on 0.034-square-foot nacelle frontal 
area, the error was within ±0.046. 
Each model was propelled by a two-stage rocket system and launched 
from a rail launcher (fig. 4(a)). The first stage consisted of a 
5-inch light-weight high-velocity aircraft rocket motor that served to 
accelerate the model from zero velocity to high-subsonic speeds. For 
the second stage, a 3.25-inch Mk. 7 aircraft rocket motor was installed 
in the fuselage to accelerate the model to supersonic speeds. Tracking 
instrumentation consisting of a C. W. Doppler velocimeter and an NACA 
modified SCR-584 tracking unit was used to determine the deceleration 
and flight path during coasting flight. A survey of atmospheric condi-
tions at the time of each launching was made through radiosonde measure-
ments from an ascending balloon. 
The values of drag coefficient, based on total wing.-plan-form area, 
were calculated by using the formula 
w 
- --
(a + g sin ,) 
qgSw 
The nacelle -pIUS-interference drag coefficient was obtained from the 
differences in drag between a model without nacelles and a model with 
nacelles. This coefficient, based on nacelle frontal area, is 
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RESULTS AND DISCUSSION 
The variations of t otal drag coefficient wi t h Mach number f or a ll 
the models tested are given in figur e 6 a nd are summarized in figure 7 . 
From a comparison of the curves of CD a gainst M in figure 7, 
it is evident that the wing - tip nacell e l ocation (mode l F) was t he best 
position tested . Between M = 0.80 a nd M = 0 .91 , CD f or mode l s A 
to E was approximately equal to CD of the mode l without nace l l e s . 
The drag coefficient of model F, however, was lower i n t his s peed r ange , 
with its minimum drag coefficient at M = 0 .90 . At this Mach number , 
CD of model F is 13 percent l ower than the drag coefficient o f the 
model without nacelles. 
Between M = 0 .90 and M = 1 . 00, the drag coefficients of a ll the 
models increased sharply about 100 to 150 percent . The Mach number at 
which the drag rise occurred was about 0 . 05 higher for mo dels with 
nacelles located in the proximity of the wing tips or f uselage t han f or 
models having nacel les located near the middle of the semispan . The 
drag -rise Mach number of 0 .96 for the wing -body combination was not 
noticeably reduced by adding nacelles near the wing tips. 
The addition of nacelles at all spanwise pOSitions , except at the 
t i p, increased the CD at Mach numbers greater than 1 . 0 . By adding 
nacelles at the wing tips , the drag of the wing -body combination was 
reduced up to M = 1 .09 . Above this Mach number , the drag coefficient 
was slightly higher than that for the wing -body comb ination . Na cell es 
located in midsemispan pOSitions were observe d t o have the highest 
increase in drag coefficient. 
The variat i ons with Mach number of nacel l e -p I us - inter ference drag 
coefficient CDN for a l l the nacelle positions investigat ed a re given 
in figure 6 . An estimated drag coefficient f or an iso lated nace l le 
(using the results of reference 1) is also plotted s o that the inter -
ference drag may be approximated . Favorab l e interference is indi cated 
for nacell es located at 0.18, 0 .80, and 0 .96 of the semispan . For t he 
other nacelle pOSitions, unfavorable interference is present near Mach 
number 1 . 
Values of CDN are cross plotted with respect to spanwise nace l le 
l ocation and Mach number in figure 8 . Contour l ines, representing lines 
of constant CDN, are drawn through experimentRl points . Nacelle 
positions on the wing -body -nacelle configurations used herein may be 
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selected from figure 8 for low drag over a desired speed range. Up to 
M = 0.91, these nacelles may be located at any spanwise position on the 
wing. In order to obtain low drag at higher Mach numbers, it is evident 
that the nacelles should be located near the wing tip or near the 
fuselage. 
CONCLUSIONS 
The effect on drag of varying the spanwise position of nacelles 
on a 450 sweptback wing and body combination has been determined through 
transonic flight tests at zero lift. The pointed nose of each nacelle 
was located at a constant distance ahead of the line of maximum wing 
thickness. The following effects were noted: 
1 . Low drag was obtained between M = 0.80 and M 
the nacelle positions investigated. 
0.91 for all 
2. Nacelles located at the wing tips gave the lowest drag, which 
was less than the drag of the wing-body-fin configuration without 
nacelles over most of the speed range. Intermediate nacelle positions 
on the wing gave the highest drag. 
3. The force-break Mach number of the wing-body-fin combination 
was not appreciably reduced by mounting nacelles near the wing tips 
or near the fuselage. other locations reduced the force-break Mach 
number as much as 0.05. 
4. Favorable interference between the nacelle and wing body was 
indicated over the test Mach number range for the 18, 80, and 96 percent 
semispan locations of the wing. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 
FUSELAGE COORDINATES 
x y 
(in. ) (in. ) 
0 0 
.4 .185 
.6 .238 
1.0 .342 
2 .0 .578 
4.0 .964 
6 .0 1.290 
8 .0 1.577 
12.0 2 . 074 
16 .0 2.472 
20 .0 2.772 
24 .0 2 ·993 
28 .0 3.146 
32.0 3·250 
36 .0 3.314 
40 . 0 3.334 
44. 0 3.304 
48 .0 3·219 
52 .0 3·037 
56 .0 2 .849 
60 .0 2 .661 
64 .0 2.474 
66 .7 2 .347 
I -i 
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TABLE II 
COORDINATES OF NACA 65A009 AIRFOIL 
x/c y/c 
(percent) (percent) 
0 0 
.5 .688 
.75 .835 
1. 25 1. 065 
2 .5 1.460 
5 .0 1.964 
7·5 2.385 
10.0 2 .736 
15.0 3.292 
20 . 0 3.714 
25.0 4. 036 
30.0 4.268 
35.0 4.421 
40.0 4.495 
45.0 4.485 
50 .0 4.377 
55 .0 4.169 
60 .0 3.874 
65 .0 3.509 
70.0 3.089 
75.0 2.620 
80 .0 2.117 
85 .0 1.594 
90.0 1.069 
95·0 .544 
100.0 . 019 
L.E. radius: 0.58 percent c 
L 
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TABLE III 
COORDINATES FOR SOLID NACELLE 
x y 
(in. ) (in. ) 
0 0 
.100 .070 
.330 .169 
.83.0 .336 
1.330 .489 
1.830 .622 
2.330 .747 
2.580 .800 
2.958 .876 
3.585 .974 
4.840 1.105 
6 .095 1.190 
7.350 1.240 
8.605 1.255 
16 .830 1.25.5 
17.872 1.237 
18.913 1.195 
19.955 1.127 
20.996 1.029 
22.038 .9CfJ 
23·079 .768 
24.121 .616 
24.250 .598 
/ 
/ 
I~ " 
. 40.00 ~I 
wmg L.E. InterJects 
body at maX. d lam. 
Max·d/am. 
6.67 
! 
40.00 
66.67 
4.69 
I 
I~ 
" 
II 
-, 
9.50 
! 
1-
Model charGcter/st/cs 
Body fineness ratio 10,0 
Wing aspect ratio 6,0 
wing taper rat/o 0.6 
Mean aerodynamic chord 0·822 ft 
Frte-styeam airfoil N ACA 65A009 
Torell winq p/tlJ?-form area 3.378sr ft 
ExPosedWm~p-IaYl-(Orm area 3.33359(+ 
E-rposed Win f'rontal area 0299srff 
eody fronta area .242 s9 ff 
ToTdl [Y()'(1tal a-rea. .sso 59ft 
Exposed lin plan-form area -2/ii?s -O.4tB:Sf (t 
F/I7S are flat plat~s tlnd t/.09/-t'nch th/~k 
w/fh t},tJ4S-/ncl7 Nul/lis at edJes. 
~ 
¢ 
57-89 
Figure 1.- General arrangement and dimensions of test model. All 
dimensions are in inches. 
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Figure 2.- Details and dimensions of nacelle. All dimensions are in 
inches. 
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Figure 3.- s ectional views of nacelle 1 ocation along semispan. 
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(a) Test model with nacelles. Model and booster arrangement in rail launcher. 
Figure 4.- General views of test models. 
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Model A; Y O.18b/2 Model B; Y O.25b/2 
Model C; Y = O.40b/2 
(b) Models with nacelles located inboard on the wing. 
Figure 4.- Continued. 
I 
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- -------------
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Model D; Y = O.60b/2 Model E; Y O.80b/2 
Model F; Y = O.96b/2 
(c) Models with nacelles located outboard on the wing. 
Figure 4.- Concluded. 
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Figure 5.- Variation of Reynolds number range with Mach number for models 
tested. Reynolds number based on mean aerodynamic wing chord. 
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(a) Nacelles located at the wing 0.18 semispan station. 
Figure 6. - Variations of tota l drag, wing-body drag, and nacelle drag coef-
ficients with Mach number . 
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(b) Nacelles located at the wing 0 . 25 semispan station. 
Figure 6.- Continued. 
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(c) Nacelles located a t the wi ng 0 . 40 semispan station. 
Figure 6.- Continued. 
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(d) Nacelles located at the wing 0 .60 semispan station. 
Figure 6 .- 'Continued. 
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(e) Na celles l ocated at the wing 0. 80 semispan st ation. 
Figure 6.- Continued . 
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(f) Nacelles located at the wing 0.96 semi span station. 
Figure 6.- Conc l uded . 
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Figure 7.- Comparison of total drag coefficients for models with nacelles 
in various spanwise positions along the wing semispan. 
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Figure 8.- Variation of nace l le-plus- interfer ence drag coefficient with 
Mach number and spanwise nacelle position for symmetrically mounted 
nacelles with their points 50 percent of the nacelle length ahead of 
the wing maximum thickness . 
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